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WO 00/1 6700 PCT/US99/2 1310 

EXTERNAL STRESS REDUCTION DEVICE AND METHOD 

Field of the Invention 

The present invention pertains to the field of heart failure in devices and methods 
for treatment thereof. 

Background of the Invention 

The syndrome of heart failure is a common course for the progression of many 
forms of heart disease. Heart failure may be considered to be the condition in which an 
abnormality of cardiac function is responsible for the inability of the heart to pump blood 
at a rate commensurate with the requirements of the metabolizing tissues, or can do so 
only at an abnormally elevated filling pressure. There are many specific disease 
processes that can lead to heart failure with a resulting difference in pathophysiology of 
the failing heart, such as the dilatation of the left ventricular chamber. Etiologies that can 
lead to this form of failure include idiopathic cardiomyopathy, viral cardiomyopathy, and 
ischemic cardiomyopathy. 

The process of ventricular dilatation is generally the result of chronic volume 
overload or specific damage to the myocardium. In a normal heart that is exposed to long 
term increased cardiac output requirements, for example, that of an athlete, there is an 
adaptive process of ventricular dilation and myocyte hypertrophy. In this way, the heart 
fully compensates for the increased cardiac output requirements. With damage to the 
myocardium or chronic volume overload, however, there are increased requirements put 
on the contracting myocardium to such a level that this compensated state is never 
achieved and the heart continues to dilate. 

The basic problem with a large dilated left ventricle is that there is a significant 
increase in wall tension and/or stress both during diastolic filling and during systolic 
contraction. In a normal heart, the adaptation of muscle hypertrophy (thickening) and 
ventricular dilatation maintain a fairly constant wall tension for systolic contraction. 
However, in a failing heart, the ongoing dilatation is greater than the hypertrophy and the 
result is a rising wall tension requirement for systolic contraction. This is felt to be an 
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ongoing insult to the muscle myocyte resulting in further muscle damage. The increase 
in wall stress is also true for diastolic filling. Additionally, because of the lack of cardiac 
output, there is generally a rise in ventricular filling pressure from several physiologic 
mechanisms. Moreover, in diastole there is both a diameter increase and a pressure 
increase over normal, both contributing to higher wall stress levels. The increase in 
diastolic wall stress is felt to be the primary contributor to ongoing dilatation of the 
chamber. 

Prior an treatments for heart failure fall into four general categories. The first 
being pharmacological, for example, diuretics. The second being assist systems, for 
example, pumps. Third, surgical treatments have been experimented with, which are 
described in more detail below. Finally, multi-site pacing contract the heart muscles at 
the same time. 

With respect to pharmacological treatments, diuretics have been used to reduce 
the workload of the heart by reducing blood volume and preload. Clinically, preload is 
defined in several ways including left ventricular end diastolic pressure (LVEDP), or left 
ventricular end diastolic volume (LVEDV). Physiologically, the preferred definition is 
the length of stretch of the sarcomere at end diastole. Diuretics reduce extra cellular fluid 
which builds in congestive heart failure patients increasing preload conditions. Nitrates, 
arteriolar vasodilators, angiotensin converting enzyme inhibitors have been used to treat 
heart fai lure through the reduction of cardiac workload through the reduction of afterload. 
Afterload may be defined as the tension or stress required in the wall of the ventricle 
during ejection. Inotropes such as digoxin are cardiac glycosides and function to increase 
cardiac output by increasing the force and speed of cardiac muscle contraction. These 
drug therapies offer some beneficial effects but do not stop the progression of the disease. 

Assist devices include, for example, mechanical pumps. Mechanical pumps 
reduce the load on the heart by performing all or part of the pumping function normally 
done by the heart. Currently, mechanical pumps are used to sustain the patient while a 
donor heart for transplantation becomes available for the patient. 

There are at least three surgical procedures for treatment of heart failure: 1 ) heart 
transplant; 2) dynamic cardiomyoplasty; and 3) the Batista partial left ventriculectomy. 
Heart transplantation has serious limitations including restricted availability of organs and 
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adverse effects of immunosuppressive therapies required following heart transplantation. 
Cardiomyoplasty includes wrapping the heart with skeletal muscle and electrically 
stimulating the muscle to contract synchronously with the heart in order to help the 
pumping function of the heart. The Batista partial left ventriculotomy includes 
surgically remodeling the left ventricle by removing a segment of the muscular wall. 
This procedure reduces the diameter of the dilated heart, which in turn reduces the 
loading of the heart. However, this extremely invasive procedure reduces muscle mass 
of the heart. 

Summary of the Invention 

The present invention pertains to a device and method for reducing mechanical 
heart wall muscle stress. Heart wall muscle stress is a stimulus for the initiation and 
progressive enlargement of the left ventricle in heart failure. Reduction in heart wall 
stress with the devices and methods disclosed herein is anticipated to substantially slow, 
stop or reverse the heart failure process, some or reverse the heart failure process, 
improve contractile function with decrease in isovolumetric contractions and improved 
isotonic shortening. Although the primary focus of the discussion of the devices and 
methods of the present invention herein relates to heart failure and the left ventricle, these 
devices and methods could be used to reduce stress in the heart's other chambers. 

The devices and methods of the present invention are primarily external devices 
which need not necessarily penetrate the heart wall or transect a heart chamber. These 
devices can be used instead of, or in addition to, internal or transventricular devices. 
Unlike transventricular devices, however, avoidance of internal ventricular structures 
such as valves or chordae is not a concern. It is desirable to limit the size of the external 
devices to limit inflammatory response that may be created by implanting the device. 
Additionally, the weight of the device should be limited to reduced movement and forces 
which can induce inflammatory response or other negative physiologic responses as well. 
To limit the weight and size of the device, the devices can be constructed with materials 
with high strength to weight ratios and high stiffness to weight ratios. Size and weight 
interact to effect the stability of the device on the heart. The devices are preferably 
stabilized on the heart by tissue ingrowth, sutures, friction fit or the like. 
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The devices and methods of the present invention can reduce heart wall stress 
throughout the cardiac cycle including end diastole and end systole. Alternately they can 
be used to reduce wall stress during the portions of the cardiac cycle not including end 
systole. Those devices which operate throughout the cardiac cycle can be referred to as 
"full cycle" devices whereas those that do not operate to reduce wall stress during end 
stage systole can be referred to as "restrictive" devices. 

Brief Description of the Drawings 

Figure 1 is a perspective view of a heart wall tension reduction device in 
accordance with the present invention; 

Figure 2 is a generally horizontal cross section of the device of Figure 1; 

Figure 3 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 4 is a generally horizontal cross sectional view of the device of Figure 3; 

Figure 5 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 6 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 7 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 8 is a view of the device of Figure 7 connected to a skeleton of a patient; 

Figure 9 is a generally horizontal cross sectional view of the device of Figure 7 
disposed within a patient; 

Figure 1 0 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 1 1 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 12 is a generally horizontal cross sectional view of the device of Figure 1 1 ; 
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Figure 1 3 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 14 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 15 is a perspective view of the device of Figure 14; 

Figure 1 6 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 17 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 18 is a perspective view of the device of Figure 17; 

Figure 1 9 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 20 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 2 1 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 22 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 23 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 24 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 25 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 26 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 27 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 28 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 
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Figure 29 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 30 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 3 1 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 32 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 33 is a generally horizontal cross sectional view taken from Figure 32; 

Figure 34 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 35 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; 

Figure 36 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention; and 

Figure 37 is a view of an alternate embodiment of a heart wall tension apparatus 
in accordance with the present invention. 

Detailed Description of the Invention 

Referring now to the drawings wherein like reference numerals refer to like 
elements throughout the several views, Figure 1 is a generally vertical view of human 
heart A having a left ventricle B and right ventricle C Disposed on heart A is a heart 
wall stress reduction apparatus 10 including a band 12 disposed generally honizontally 
around heart A. Disposed between band 1 2 and heart A are generally ellipsoidal balloons 
14. In Figure 2, heart A is shown in context, in a generally transverse cross sectional 
view of a human torso. Heart A is shown disposed generally between left lung D and 
right lung E. In Figure 2 it can be seen that band 12 retains balloon 14 with sufficient 
force to deform left ventricle B from a generally circular cross sectional configuration to 
a bi-lobe configuration. It is anticipated that device 10 could be adjusted for full cycle 
shape change of left ventricle B or be more loosely placed on the heart as a restrictive 
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device, not creating a shape change at end systole. In addition to the bi-lobe 
configuration of Figure 2, the shape change could also be of such a substantial magnitude 
that the chamber is substantially bifurcated by bringing the oppositely disposed heart 
walls into contact with each other. 

Band 12 preferably does not substantially elongate under operational loads, but 
could be formed from material which deforms elastically under operational loading. 
Band 12 is preferably formed from a biocompatible material such as expanded PTFE or 
a polyester such as Dacron™. Balloon 14 could be a pre-inflated balloon filled with 
saline or curable polymer prior to placement between band 1 2 and heart A. Balloon 14 
could also be inflated after placement between band 12 and heart A and then sealed by 
means known to those skilled in the art. It can be appreciated that balloons 14 need not, 
in fact, be balloons but could be solid or hollow ellipsoidal members made from 
biocompatible metals or plastics. Balloon 14 preferably includes an expanded PTFE or 
Dacron™ surface which has a pore size disposed toward heart A which would allow 
tissue ingrowth. It may be desirable to have a pore size of material covering band 12 and 
balloons 14 disposed away from the heart which does not promote tissue ingrowth, 
however. The pore size to promote tissue ingrowth is preferably between about 10 and 
about 1 00 microns and more preferably, between about 20 and about 40 microns. With 
respect to expanded PTFE, the intemodal dimension is preferably between about 10 to 
about 100 microns and more preferably between about 20 to about 40 microns. 

Figure 3 is a generally vertical view of heart A. Disposed on heart A is an 
alternate heart wall stress reduction device 20 including a generally rigid frame 22. 
Frame 22 preferably includes generally horizontal cross members 24 and generally 
vertical cross members 26. Extending from cage 22 are struts 28 having one end 
connected to frame 22 and an opposite end connected to anchors 29. By adjusting the 
lengths of struts 28, pads 29 can engage left ventricle B to create a shape like that shown 
in Figure 4. 

Frame 22 is preferably made from a biocompatible metal or plastic and is 
substantially rigid during operational loading. Frame 22 could, however, be formed of 
a material which would allow elastic deformation during use. The materials used to form 
device 20 are preferably relatively light to enhance stability of device 28 on heart A. 
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Light metals which could be used to form device include Co-Cr-Mo alloys, Co-Ni-Cr-Mo 
alloy (MP35N), carbon and titanium alloys (Ti-6AL-4V). In addition to plastics such as 
polyester, device 20 could be formed from composites such as carbon fibers/epoxy, 
polyester/epoxy, or amide fiber/epoxy, for example. Anchors 29 are preferably pad or 
disk shaped, atraumatic and include material coating having a pore size such as that 
described above with respect to device 1 0 which promotes tissue ingrowth. Additionally, 
sintered metal could create a pore size which would promote tissue ingrowth. 

Figure 5 is an alternate embodiment of a heart wall stress reduction device 30 
disposed on heart A which is shown in a generally vertical orientation. Device 30 
preferably includes a sock 3 1 formed from a porous mesh of biocompatible fabric such 
as polyester. Sock 31 preferably does not substantially stretch or elongate under 
operational loads. Sock 31 could, however, be made from a material which deforms 
elastically at operational loads. Disposed between sock 3 1 and heart A is an elongate bar 
32. Bar 32 is preferably held against left ventricle B with sufficient force to create a 
shape change such as that shown in Figure 2 when a second bar 32 is disposed between 
sock 3 1 and the posterior side of heart A. Sock 3 1 is preferably held in place on heart A 
by sutures. 

Figure 6 is yet alternate embodiment 40 of a heart wall stress reduction device. 
Device 40 is similar to device 30 except that it includes a shell 42 which is substantially 
rigid under operational loads rather than a sock 3 1 and inwardly protruding members 40 
rather than a bar 32. Shell 42 can be slipped over heart A to create a shape change similar 
to that shown in Figure 2. Members 44 are thus preferably profiled such that they can be 
slid atraumatically over heart A to place device 40. 

Device 40 is preferably made from those materials described with respect to 
device 20 above. The surface of protrusions 44 preferably include a surface which 
promotes tissue ingrowth as described above. Device 40 can be held in place on heart A 
by sutures placed through apertures (not shown) in shell 42. 

Figure 7 is yet another embodiment of a heart wall stress reduction device 50 in 
accordance with the present invention. Device 50 includes a preferably substantially rigid 
ring 51. Ring 51 could, however, be made from a material which deforms elastically 
under operational loads. Ring 51 preferably has a plurality of apertures 52 disposed 
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circurnferentially on opposite sides of ring 51. Extending through an aperture 52 on 
opposite sides of ring 51 are struts 53. Struts 53 can be extended inwardly from ring 51 
by adjusting threaded fasteners 54. Threaded fasteners 54 are preferably provided on 
strut 53 such that strut 53 can be retained in place while acted upon by outward or 
inwardly directed forces. At the inward end of sunt 53 is an elongate anchor or pad 55. 
It can be appreciated that ring 5 1 could be placed around heart A and the position of pads 
55 adjusted such that a shape change of left ventricle B could be created similar to that 
shown in Figure 2. 

Device 50 could advantageously be made from those materials described with 
respect to device 20. Anchors 55 preferably include a porous surface which allows for 
tissue ingrowth as described above. 

Figure 8 is a generally vertical view of the skeleton of a human torso. A device 
50 is shown disposed within ribs F. Device 50 is held in position by a tether 56 anchored 
by a loop or bone screw 57 to ribs F and an oppositely disposed tether 56 and loop or 
bone screw 57 attached to spinal column G. Figure 9 is a generally transverse cross 
sectional view taken through Figure 8 of device 50 and short soft tissue organs including 
heart A and lungs D and F. 

Figure 10 is a vertical view of heart A. Disposed on heart A is an alternate 
embodiment 60 of a heart wall stress reduction device. Device 60 is a band shown 
wrapped generally horizontally around left ventricle B. Band 60 is preferably formed 
from polyester or other biocompatible plastic such as Dacron™. Band 60 preferably has 
an inwardly disposed surface which is porous to promote tissue ingrowth as described 
above. Band 60 preferably does not substantially elongate under operational loadings. 
Band 60 could, however, be formed from materials which elongate under operational 
loading. In addition to, or prior to tissue ingrowth band 60 could be held in place by, for 
example, sutures. Device 60 could be a closed loop or a loop having free ends which are 
buckled or fastened together by Velcro™ or other means known in the art (not shown). 

Band 60 does not create a left ventricular shape change having a bi-lobe 
configuration in a horizontal cross section as shown in Figure 2. Rather, band 60 forms 
a bi-lobe configuration in vertical cross section. 
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Figure 1 1 is a vertical cross sectional view of heart A. Disposed on heart A is yet 
an alternate embodiment of a heart wall stress reduction device 65 in accordance with the 
present invention. Device 65 is substantially similar to device 60. Device 65 is, 
however, shown extending around the exterior of left ventricle B and placed through right 
ventricle C. Device 65 thus includes a band having free ends which are attachable after 
placement of the device through right ventricle C and around left ventricle B. 

As can be seen in Figure 12, device 65 does not create a horizontally bi-lobe 
configuration such as that shown in Figure 2. Rather, device 65 creates a bi-lobe 
configuration of left ventricle B in a vertical cross sectional view. 

Figure 13 is a view of device 60 placed on heart A in a manner similar to that 
shown in Figure 1 0, but used in conjunction with an additional elongate bar 62. Bar 62 
can be similar to bar 32 shown in Figure 5. It can be appreciated that if bar 62 is disposed 
between device 60 and heart A, and a second bar 62 is similarly disposed on the posterior 
side of heart A, a bi-lobed shape change can be created in a generally horizontal cross 
section of left ventricle B. It can also be appreciated that device 60 will also create a bi- 
lobed shape change on left ventricle B in a generally vertical cross section. 

Figure 14 is a generally vertical view of heart A. Disposed on right ventricle B 
of heart A are two generally C-shaped, alternate heart wall stress reduction devices 70. 
Device 70 preferably includes a generally C-shaped cross member 71 having two 
oppositely disposed ends. On opposite ends of cross members 7 1 are preferably disposed 
anchors 72. Anchors 72 are preferably disc or pad shaped and have an innerly disposed 
porous surface to allow tissue ingrowth as described above. As shown in Figure 14, two 
C-shaped devices 70 can be used together to form a bi-lobe shape change of left ventricle 
B in a manner similar to that shown in Figure 2. 

Cross member 71 is preferably made from a malleable metal which can be bent 
prior to placement such that the desired spacing is obtained between oppositely disposed 
anchors 72. It is possible that the spacing of pad 72 could be adjusted while device 70 
is placed on the heart, but preplacement spacing adjustment is preferred. In addition to 
malleable materials or metals, cross member 71 could also be formed from plastics or 
composites such as those described above with respect to device 20. Figure 15 is a 
perspective view of device 70 not including heart A. 



10 



WO 00/16700 



PCT/US99/71310 



Figure 16 is yet alternate embodiment of a heart wall stress reduction apparatus 
75 in accordance with the present invention. Device 75 is essentially similar to device 
70, except that cross member 76 is shown in a band shape and anchors 77 are generally 
elongate. Elongate anchors may be desirable for both device 75 and 70 to create a bi-lobe 
shape change over a greater generally vertical extent of left ventricle B. 

Figure 17 is a generally vertical view of heart A. Yet another alternate 
embodiment of a heart stress reduction device 80 is shown disposed on heart A. Device 

80 is similar to device 70, except that it includes elongate anchors 82 and a cross member 

8 1 disposed generally in alignment with the longitudinal axis of anchor 82. This allows 
cross member 81 to rest on an upper surface of heart A to resist gravitational 
displacement of device 80 from heart A. Figure 18 is a view of device 80 apart from 
heart A. 

As an alternative to a C-shaped device such as device 70 which is preferably 
adjusted or sized prior to placement on heart A, devices such as those shown in Figures 
1 9-28 can readily be adjusted in place on the heart. The devices of Figures 1 9-28 include 
mechanical mechanisms for adjusting anchor spacing. Each of these devices could be 
positioned in heart A to create a shape change similar to that of Figure 2. The devices of 
Figures 19-28 are preferably made from light biocompatible metal and/or plastics. The 
anchors or pads preferably have a porous heart engaging surface to promote tissue 
ingrowth. 

Figure 19 is a view of yet another alternate embodiment of a heart wall stress 
reduction device 90 in accordance with the present invention. Device 90 includes two 
oppositely disposed arms 91 and 92 pivotally attached by a pin 93 to form a C-shape. 
Disposed at the free ends of each arm 91 and 92 is an anchor or anchor pad 94 pivotally 
attached to arms 91 and 92 by pins 95. Pivotally attached to the opposite ends of arms 
91 and 92 are internally threaded members 96 into which is threaded a rod 97. Disposed 
along, and fixably attached to rod 97 is a thumb wheel 98 for rotating rod 97. Rod 97 is 
preferably flexible enough that as it is rotated to draw the ends of arms 91 and 92 
together, it can be deformed such that wheel 98 will move to the right as upper member 
96 pivots counterclockwise and lower member 96 pivots clockwise. 
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Figure 20 is a view of yet an alternate embodiment 100 of a C-shaped heart wall 
stress reduction device. Device 100 includes arms 101 and 102. Disposed at the free 
ends of arms 101 and 102 are pads 94 pivotally connected thereto by pins 95. At the 
opposite ends of arms 101 and 102, they are joined by a bolt 1 03 and wing nut 104. Wing 
nut 104, when loosened will allow arms 101 and 1 02 to pivot around bolt 103. Wing nut 
104 can be tightened to fix the relative position of arms 101 and 102 when the desired 
spacing of pads 94 has been achieved. 

Figure 2 1 is a view of yet an alternate embodiment 1 1 0 of a C-shaped heart wail 
stress reduction device. Device 110 is similar to device 100 except that oppositely 
disposed arms 1 16 and 1 1 7 are cantilevered beyond their pivotable attachment point at 
pin 1 12 to a bolt 1 14 and a wing nut 115. Arm 117 includes a plate 1 1 1 having an arc- 
like aperture 1 13 formed therein. Bolt 114 extends through aperture 113 and arm 1 16 
such that when wing nut 1 1 5 is loose, bolt 1 1 4 can slide in aperture 1 1 3 to rotate arm 1 1 6 
about pin 112 to adjust the spacing between pads 94. When the desired spacing is 
achieved, wing nut 1 1 5 can be tightened to fix the relative position of arms 1 16 and 117. 

Figure 22 is a view of yet another alternate embodiment of a generally C-shaped 
heart wall stress reduction device 120. Device 120 includes two oppositely disposed 
arms 1 26 and 127. Pads 94 are pivotally attached by pins 95 to the free ends of arms 126 
and 127. The opposite end of arm 126 is slidably disposed through a receiving housing 
121 at the opposite end of arm 127. The end of arm 127 extending through housing 121 
includes teeth 122. Disposed between housing 121 and pad 94 and along arm 127 is a 
screw gear housing 123 which positions the threads of a screw gear 124 between teeth 
1 22. Gear 124 includes a shaft having a thumb knob 125 attached thereto. Knob 125 can 
be used to rotate screw 124 to engage successive teeth 122 to move arm 126 relative to 
arm 127 in the directions shown by the arrow. Thus, in this manner, arm 126 can be 
moved to adjust the spacing between pads 94. 

Figure 23 shows yet another alternate embodiment of a generally C-shaped heart 
wall stress reduction device 130 in accordance with the present invention. Device 130 
is similar to device 100 except for oppositely disposed arms 134 and 135 are pivotable 
about pin 131 and fixable in position by ratchet teeth 132 of arm 134 and an elongate 
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member 133 connected to arm 135. Ratchet teeth are sloped such that as arm 134 is 
pivoted about pin 131 to bring pads 94 closer together, member 133 rides over successive 
teeth 132. If, however, it is attempted to rotate 134 in the opposite direction, teeth 132 
arc sloped to engage member 133 and resist the rotation of aim 134 about pin 131. 
Member 133 can be pulled away from teeth 132 to allow arm 134 to be pivoted in a 
clockwise direction. 

Figure 24 is a view of yet an alternate embodiment of a generally C-shaped heart 
wall tension reduction device 140 in accordance with the present invention. Device 140 
includes oppositely disposed arms 144 and 145. Anchors 94 are pivotally attached by 
pins 95 to the free ends of arms 144 and 145. The opposite ends of arms 144 and 145 
include slots 141 and 142. As shown in Figure 24, where slots 141 and 142 overlap, nut 
and bolt assemblies 1 43 are disposed therethrough. As can be appreciated, if nut and bolt 
assemblies 143 are loosened they will be free to slide within slots 141 and 142 such that 
the ends of arms 144 and 145 disposed opposite pads 94 can be slid over each other to 
adjust the distance between pads 94. Once the desired distance between pads 94 is 
obtained, nut and bolt assemblies can be tightened to fix the relative position of arms 144 
and 145. 

Figure 25 is a view of yet an alternate embodiment of a generally C-shaped heart 
wall stress reduction device 150 in accordance with the present invention. Device 150 
includes two oppositely disposed arms 153 and 154. Pads 94 are pivotally attached by 
pins 95 to the pins of arms 153 and 154. The opposite end of arm 153-is slidably 
received within an aperture of a receiving housing 151 connected to the opposite end of 
arm 154. A set screw 152 is threaded into housing 151 such that when set screw 152 is 
loose, arm 1 53 can slide within housing 1 51 to vary the distance between pads 94. Once 
the desired distance between pads 94 has been obtained, set screw 1 52 can be tightened 
to engage arm 153 and fix its position relative to arm 154. 

Figure 26 is a view of yet an alternate generally C-shaped heart wall stress 
reduction apparatus 160 in accordance with the present invention. Device 160 includes 
a generally C-shaped arm 161 which has two oppositely disposed free ends. Pads 94 are 
pivotally connected by pins 95 to each of the free ends. Disposed along the interior arc 
of arm 161 are eyelets 163. Disposed through eyelets 163 is a line or cable 164 having 
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two oppositely disposed ends fixably attached to opposite pads 94. A more centrally 
located portion of line 164 is at least partially wrapped around a spool 165. Spool 165 
is rotatably connected to a generally central portion of member 161. A knob 166 is 
connected to spool 1 65 to allow rotation thereof. It can be appreciated that if spool 1 65 
is rotated into the paper in the direction of the arrow, that the spacing between pads 94 
will decrease as line 164 is pulled through eyelets 163 toward spool 165. It can be 
appreciated that if spool 165 is rotated in an opposite direction, pads 94 will move apart 
to the extent that member 161 is biased to expand outwardly. The position of spool 165 
can be fixed when the desired spacing of pads 94 is obtained by tightening a set screw 
167 disposed adjacent knob 166. 

Figure 27 is a view of yet an alternate embodiment of a generally C-shaped heart 
wall tension apparatus 170. Heart wall tension reduction apparatus 170 includes two 
oppositely disposed arms 1 7 1 and 1 72. Disposed at the free end of arms 1 7 1 and 1 72 are 
anchors 1 73 and 1 74, respectively. Anchors 1 73 and 1 74 can be anchor pads each having 
a disc-like heart engaging surface similar to that of anchor 94. The portion of anchors 
173 and 1 74 opposite the disc-shaped portion includes socket shaped portions 175 and 
1 76, respectively. These socket shaped portions 175 and 1 76 are shaped similarly to that 
of the socket portions of ball and socket joints. Disposed along the length of arms 171 
and 172 are ball and socket members 179. Each member 179 includes a generally ball 
shaped or hemispherical end 181 and a complimentary concaved socket end 180. As 
shown, a series of members 1 79 are placed ball end to socket end to form each arm 171 
and 1 72. The final ball end 1 8 1 of each arm 1 7 1 and 1 72 is disposed within sockets 1 75 
and 176 respectively of anchors 173 and 174, respectively. 

Each member 1 79 includes a longitudinal lumen extending therethrough. A line 
1 82 extends through successive of these lumens in arms 1 7 1 . A line 1 83 extends through 
arm 1 72 in a similar fashion. Lines 1 82 and 1 83 are free to move within the lumens but 
are fixably attached at their ends to anchors 1 73 and 1 74, respectively. The opposite ends 
of lines 1 82 and 1 83 pass over pulleys 1 85 and are connected to a spool or takeout reel 
1 86 which in turn is pivotally connected to a central housing 1 84. Housing 1 84 includes 
oppositely disposed ball portions 1 88 and 189, which engage the sockets of the adjacent 
members 1 79. A knob 1 87 is provided to rotate spool 1 86. If spool 1 86 is rotated in the 
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direction shown by the arrow, lines 1 82 and 1 83 will be drawn toward spool 1 86, which 
in turn will draw the adjacent ball and socket ends toward each other. When the force 
exerted by lines 1 82 and 1 83 is sufficient, friction between adjacent ball and socket ends 
will hold arms 1 7 1 and 1 72 in any position in which they have been placed. Thus, when 
the desired spacing between anchors 173 and 174 is obtained and lines 182 and 183 
tightened, a set screw 1 77 can be tightened to retain spool 1 86 in position to maintain the 
spacing between anchors 173 and 174. Not only can the spacing between anchors 173 
and 174 be controlled in this manner, but the shape of the arm can be altered along its 
length to be straight or arcuate to conform to the shape of the heart. 

Figure 28 is a view of an alternate arm configuration 1 90 which could be used in 
a generally C-shaped heart wall stress reduction apparatus. The principle of its operation 
would be similar to that of the device of Figure 23, except that a plurality rather than one 
ratcheting member would be provided. By providing a plurality of ratcheting members, 
the shape of the arm can be altered along its length to be relatively straighter, or more 
arcuate depending upon the degree to which the various members are ratcheted with 
respecl to each other. 

Arm 1 90 includes a plurality of ratcheting members 1 9 1 . A first end 1 92 of each 
member 191 is pivotally connected to the opposite end 193 of each member 191 by a pin 
194. Each member can be rotated about pins 194 in the direction shown by the arrows. 
Teeth 195 are disposed at each end 193 to engage a ratcheting arm 196 extending from 
end 193 toward end 192. It can be appreciated that member 196 should be flexible 
enough that a physician can ratchet arm 196 over teeth 195 until the desired rotational 
position is obtained. The arms should also, however, be rigid enough that during normal 
operational heart loadings, member 126 remains between the teeth 129 selected by the 
physician. 

Figure 29 is a generally vertical view of heart A. Yet another alternate 
embodiment of a heart wall stress reduction device 197 is shown on left ventricle B. 
Device 197 is preferably a sheet which has been wrapped around a portion of left 
ventricle B. The sheet includes a generally vertical elongate concave trough 1 97a on the 
anterior side of left ventricle B and a similar trough 197b on the posterior side of left 
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ventricle B. The base of the trough can be made to engage opposite sides of the ventricle 
to create a-bi-lobe shape similar to that shown in Figure 2. 

The sheet is preferably formed in place on heart A to create the troughs 197a and 
1 97b. The sheet can be formed from an epoxy or a composite including two or more of 
the following: epoxy, Dacron™, silicone or UV curable adhesive. The sheet, if made 
using a curable adhesive or epoxy should be placed prior to curing such that the sheet can 
be readily formed in a shape similar to that shown in Figure 29. During the curing 
process, the sheet can be held in place using one or more generally C-shaped heart wall 
tension reduction devices such as those shown in Figures 14-28. 

The sheet material used to form device 1 97 could also be a malleable metal such 
as stainless steel. If a metal such as stainless steel were used to form the sheet, it could 
be bent to form a shape similar to that shown in Figure 29 prior to placement on the heart 
or while being placed on heart A. 

Figure 30 is a generally vertical view of a heart A. Yet another embodiment of 
a heart wall stress reduction device 1 98 is shown disposed on left ventricle B. As shown 
in Figure 30, device 198 has a shell or helmet shape which substantially surrounds left 
ventricle B. Device 198 could be formed from materials in a manner described above 
with respect to device 197. In particular, troughs could be created in opposite sides of 
shell 1 98 to create a bi-lobe shape similar to that shown in Figure 2. 

Figure 3 1 is a view yet another embodiment of a heart wall stress reduction device 
199 shown disposed on left ventricle B of heart A. Device 199 has a generally U-shape 
including an anterior arm 199a and a posterior arm 199b. Arms 199a and 199b can be 
positioned on left ventricle B to create a bi-lobe shape of left ventricle B similar to that 
shown in Figure 2. The materials and methods used to make and place device 199 are 
similar to those used to make and place device 197 of Figure 29. 

Figure 32 is a view of yet another alternate embodiment of a heart wall stress 
reduction device 200. Device 200 is generally C-shaped and includes an arm 201 and 
arm 202. As can be appreciated by reference to Figure 33, which is a generally horizontal 
cross sectional view taken from Figure 32, arm 22 is disposed within right ventricle C 
and arm 201 is disposed opposite to give left ventricle B a generally bi-lobe cross 
sectional shape. 
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Device 200 can be formed from a biocompatible metal or plastic. Device 200 can 
include a porous coating or surface to promote tissue ingrowth as described above and/or 
be held in place on heart A by sutures through apertures (not shown) in device 200. 

Figure 34 is a yet another alternate embodiment of a heart wall stress reduction 
device 210 shown disposed within heart A. Device 210 has a generally V-shape and 
includes an arm 21 1 and another arm 212. Device 210 can be made from a biocompatible 
metal or plastic. Device 2 1 0 can be held in place by sutures extending through apertures 
in device 210 (not shown) and/or by providing a porous surface which promotes tissue 
ingrowth as described above. The free ends of arms 211 and 212 are preferably 
sufficiently narrowed such that they can be advanced through and disposed within the 
ventricular walls and/or septum rather than alongside the wall and/or septum. The device 
can be configured to, and placed to form a bi-lobe cross sectional shape of left ventricle 
B such as that shown in Figure 2 or 32. 

Figure 35 is a view of yet another embodiment of a heart wall stress reduction 
device 220 shown disposed on the right ventricle of heart A. Device 220 has a generally 
V-shape and includes an arm 221 and an opposite arm 222. Arms 221 and 222 have a 
generally multiple wave or ungulating shape. When placed on the surface of the heart, 
the wave shape focuses pressure on the heart wall at space locations rather than 
continuously. It is anticipated that by spacing the contact points of device 220 that there 
will be a limited interruption of coronary blood flow as a result of impingement of the 
device on heart A. 

Device 220 is preferably made from similar materials to that of device 210. 
Device 220 can be configured and placed on a heart to form a bi-lobe cross sectional 
shape of left ventricle B in a shape similar to that shown in Figure 2. 

Figure 36 is a view of yet an alternate embodiment of a heart wall stress reduction 
device 230 in accordance with the present invention. Device 230 has a generally U-shape 
including an arm 233 and opposite arm 234. Device 230 preferably is formed from a 
tubular shell 231 and can be made from a biocompatible material such as PTFE. 
Disposed within tube 23 1 is a curable material such as epoxy urethane 232. Similarly to 
device 199 of Figure 31, device 30 is placed on the heart prior to curing of material 232 
within tube 23 1 . Arms 233 and 234 can be positioned to create a bi-lobe cross sectional 
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shape of left ventricle B such as that shown in Figure 2. One or more heart wall tension 
reduction devices similar to those shown in Figures 1 4-28 can be used to temporarily hold 
arms 233 and 234 in place until material 232 has cured. 

Figure 37 is a view of yet an alternate embodiment 240 of a heart wall stress 
reduction device in accordance with the present invention. Device 240 is formed from 
a sheet configured in a generally U-shape having a side 241 and an opposite side 242 
shown disposed on the anterior and posterior sides of left ventricle B. Device 240 is 
preferably formed from a malleable sheet 243. An inner sheet 244 of expanded PTFE or 
other material can be disposed on the inside surface of device 240 to allow tissue 
ingrowth. Sheet 243 could, however, also be sintered to promote tissue ingrowth and 
inner sheet 244 not used. Device 240 could be bent to obtain the desired configuration 
prior to placement on heart A or bent in place on heart A to obtain the desired cross 
section of left ventricle B. With device 240, a generally bi-lobe shape such as that shown 
in Figure 2 can be obtained in a configuration similar to that of device 1 97 of Figure 29. 
Additionally, device 240 could be placed without troughs formed in opposite sides such 
as those of device 1 97, but rather with generally planar arms 24 1 and 242. In such a case, 
if generally planar arms 241 and 242 are brought into a generally parallel configuration, 
left ventricle B can be compressed to create generally oblong, generally horizontal cross 
sectional configuration. 

As shown herein the various heart wall stress reduction devices and methods have 
been applied to form a bi-lobe configuration of the left ventricle. It can be appreciated 
that the devices and methods disclosed herein can also be used to create three or more 
lobes in the left ventricle. Additionally, the heart wall stress reduction devices and 
methods disclosed herein can also be used to change the shape of the remaining chambers 
of the heart in addition to the left ventricle. The external device as disclosed herein could 
also be used in conjunction with transventricular heart wall stress reduction-devices. In 
such instance, both devices could be full cycle, restrictive, or one of the devices could be 
full cycle and the other restrictive. It can also be appreciated that the rotational 
positioning of the device about the heart can be varied to create a shape change between 
posterior and anterior anchors or between lateral anchors. 
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Numerous characteristics and advantages of the invention covered by this 
document have been set forth in the foregoing description. It will be understood, 
however, that this disclosure is, in many respects, only illustrative. Changes may be 
made in details, particularly in matters of shape, size and ordering of steps without 
exceeding the scope of the invention. The invention's scope is, of course, defined in the 
language in which the appended claims are expressed. 
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1 . A method for reducing heart wall stress in a heart chamber, comprising the steps 

of: 

providing a device having a first heart engaging surface, a second heart engaging 
surface and a member interconnecting the surfaces; and 

placing the first and second surfaces on the wall of the chamber to deflect the 
heart wall proximate at least one of the heart engaging surfaces, while the interconnecting 
member is disposed externally of the heart. 

2. The method in accordance with claim 1 , wherein the deflection appears concave 
from outside the chamber. 

3. The method in accordance with claim 1, wherein the deflection results in a 
inflection point along the wall of the heart. 

4. The method in accordance with claim 1 , wherein the first heart engaging surface 
includes a balloon. 

5. The method in accordance with claim 1 , wherein the first heart engaging surface 
includes an elongate pad. 

6. The method in accordance with claim 1 , further comprising the step of attaching 
the device to a bone. 

7. The method in accordance with claim 1, wherein the surface is porous to allow 
tissue ingrowth. 

8. The method in accordance with claim 1 , further comprising the step of 
adjusting the distance between the surfaces. 



20 



WO 00/1 6700 PCT/US99/2 1310 

9. The method in accordance with claim 1, wherein the member is malleable. 

10. The method in accordance with claim 1 , wherein the member is cast in place on 
the heart. 
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